The authors conducted a cohort study of low income women to determine the effect of physical activity on the risk of preterm birth. Women were sampled prenatally from four clinic sites and were scheduled for delivery at the University of Maryland Medical Systems (UMMS). Women who delivered infants at UMMS but who had received no prenatal care were also eligible. Preterm delivery was defined as a delivery prior to 37 completed weeks gestation. After adjusting for confounders, the odds of preterm delivery were increased for women who climbed stairs >10 times per day (odds ratio (OR) = 1.60, 95% confidence interval 1.05-2.46) and for women who engaged in purposive walking >4 days per week (OR = 2.10, 95% Cl 1.38-3.20). Leisure-time exercise (>60 days in the first and second trimesters combined) had a protective effect on preterm delivery (OR = 0.51, 95% Cl 0.27-0.95). Television viewing had a U-shaped relation with preterm delivery (ORs (95% Cl): <15 hours, 2.09 (1.21-3.61); 29-42 hours, 1.50 (0.84-2.67); >42 hours, 3.05 (1.75-5.40)). While the results support current recommendations regarding leisure-time activities, activities of daily living appear to increase risk of preterm delivery among low income women. These findings and those for television watching warrant further investigation. Am J Epidemiol 1998; 147:628-35.
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The effect of physical activity on pregnancy outcome is not yet well understood. The results of previous epidemiologic studies have been inconsistent even when a single outcome, preterm birth, is the focus. Researchers in France (1,2) have repeatedly found an increased risk of preterm birth associated with occupational factors. Luke et al. (3) also reported an increased risk of preterm delivery associated with the working conditions of nurses. However, inferences from their study are constrained by a very low response rate, prolonged time to recall working conditions, and use of maternal reports of the length of pregnancy. Teitelman et al. (4) found that the risk of preterm birth was highest for women in jobs that required prolonged standing, but lowest for women in jobs that required active movement. Other studies in developed countries have shown no or little risk of preterm birth associated with physical activity. Grunebaum et al. (5) found that preterm birth rates for women who delivered during physician residency training did not differ from rates prior to or following residency. Klebanoff et al. (6) reported similar results when female resident physicians were compared with wives of male resident physicians, although there was some increase in the risk of preterm labor for the residents. Berkowitz et al. (7) found no effect of employment, housework, or child care on the risk of preterm birth, but a small protective effect of leisuretime exercise. McDonald et al. (8) found no effect of either employment or housework on the risk of preterm birth, nor did Hickey et al. (9) in a sample of high risk parous women.
Current activity recommendations for pregnant women have necessarily been based on a scant amount of information as well as conflicting results. Furthermore, studies of physical activity in pregnancy have seldom included women of low socioeconomic status (SES). An important exception is studies conducted in developing countries, but it may not be valid to extrapolate these results to women in developed countries. Even results from other developed countries may not be readily generalizable. Unlike women in many other developed countries, low SES women in the United States do not have universal access to health care and other important health and social services.
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This lack of attention to the study of low SES women has also influenced the measurement of activities that are more likely to be undertaken by low SES women. For example, Ford et al. (10) found that low SES nonpregnant women report more time spent walking to destinations (work, school, store, or home) than high SES women. Similarly, Cauley et al. (11) found that SES was significantly correlated with the number of (city) blocks walked per week by women. Most previous studies of physical activity in pregnancy have given little attention to purposive walking but instead have focused on activities more likely to be engaged in by women of high SES, such as leisure-time exercise and occupational activities. Finally, as low income women have been poorly represented in these studies, so too have black women. Even in the nonpregnant population, little research has been conducted on physical activity of minority women (12) .
We report here on a study of the effect of physical activity on the risk of preterm birth in a US sample of low income black and white women. In addition to workplace and leisure-time activities, we also measured physical activity that may predominate among low income women, such as stair climbing and purposive walking.
MATERIALS AND METHODS

Sampling and instruments
A cohort design was used. Eligibility was determined at the first prenatal visit for women who received prenatal care, and at delivery for women with no prenatal care. All white women and every other black woman were sampled from April 1988 through October 1989 from four clinic sites from which women were scheduled to deliver infants at the University of Maryland Medical Systems (UMMS). These clinics were selected because low income women received care by the same house staff during labor and delivery and because data about the prenatal course and labor and delivery of the women were available through the Maryland Perinatal Database (13) described below. Women who received no prenatal care were also included in order to avoid selection bias that would arise by excluding them.
A total of 1,410 women were eligible and interviews were conducted with 1,247 (88.4 percent) of these women. A small percent (7.5 percent) of these interviews were conducted by telephone rather than in person. Institutional review board approval for this study was received from the UMMS and the Johns Hopkins School of Hygiene and Public Health, and written informed consent was obtained.
Because their pregnancy outcome was unknown, 59 women (4.7 percent) who did not deliver at the University of Maryland were excluded. Of the remaining 1,188 interviewed women, 719 (61 percent) completed both a prenatal (19-27 weeks gestation) and postpartum interview. During the prenatal interview, women were asked about physical activity and substance use during the first two trimesters of pregnancy. Questions about variables that were not likely to change much during pregnancy were asked at this time as well. The postpartum interview was brief, and included questions about physical activity and substance use for the third trimester. Interviewers were blind as to pregnancy outcomes (unless mothers informed them) and were unaware of the study hypotheses. Twenty-four of the 1,188 women (2 percent) had a prenatal interview without a postpartum interview because they delivered prior to 30 weeks of pregnancy; the postpartum interview would not have added new information. A total of 469 of the 1,188 women (39.5 percent) were interviewed with only a longer postpartum interview that covered all three trimesters. These women were not interviewed prenatally for the following reasons: prenatal care was initiated after the 27th week of pregnancy (49.0 percent); no prenatal care visits between the 19th and 27th week (21.4 percent); no prenatal care (15.7 percent); missed by interviewers (7.1 percent); and refused to be interviewed prenatally but were willing to be interviewed postpartum (6.8 percent).
Women who came late to care or who received no prenatal care were included in the study for several reasons. First, their inclusion increases the generalizability of our findings. Second, because these women are also at high risk for preterm delivery, their inclusion may also increase internal validity and increase the number of high risk women in the sample. Despite these advantages, the potential for recall bias must be considered for these and other women who were only interviewed postpartum. No substantial differences in results were found for women interviewed prenatally compared with those interviewed postpartum. Furthermore, studies of congenital malformations designed to evaluate recall bias provide little evidence of recall bias in mother's exposure reports (14) (15) (16) , and our interviewers were blinded to the pregnancy outcome.
A second source of data for the study was the Maryland Perinatal Database (MPDB) (13) . Of the 1,188 women who were interviewed and delivered at UMMS, 16 women with multiple births and six women whose infants weighed <500 g were excluded from the analysis, reducing the size of the analytic sample to 1,172 women. Of these 1,172 births, computerized data were available from the initial history for all births, from the initial physical examination for 1,168 births, and from prenatal visit records for 1,117 births. Prenatal visit files were obviously missing for women who did not receive prenatal care.
Measurement of outcomes
Preterm birth was defined as a delivery prior to 37 completed weeks gestation. Gestational age at birth was measured by the clinicians' best obstetric estimate. This measure was compared with gestational age estimates based on the date of the last menstrual period (LMP). Data on estimates of gestational age from ultrasound and from clinical examination were inspected for women for whom the obstetric estimate and LMP estimate differed by more than 2 weeks. In all instances, the best obstetric estimate was more consistent with the clinical and ultrasound estimates than with the LMP estimate.
We chose not to examine preterm delivery by its three immediate underlying causes: preterm labor; preterm premature rupture of the membranes (PROM); and induction due to medical indications. Some investigators (17) assert that there are differences in etiology of these subgroups, but others (18) suggest that preterm delivery due to preterm labor differs in its clinical presentation but not in its etiology from preterm delivery due to PROM. Factors associated with preterm delivery are also often associated with access to medical care which may, in turn, influence the clinical presentation of women who deliver preterm. Medically indicated preterm deliveries are also not so easily distinguished; if the delivery had not been induced, the woman still might have delivered preterm (18) . Finally, it was difficult in practice to obtain the data necessary to achieve a valid and reliable separation of entitities.
Measurement of exposures
Physical activity was estimated by interview, querying women about each trimester of pregnancy. Indices of physical activity were related to three areas: occupational activity; physical activity of daily life, whether at home or at work; and leisure-time activity, strenuous as well as sedentary. Only data from the first and second trimester were analyzed, because, by definition, many women who delivered a preterm birth did not complete the third trimester. There was little change in sedentary activities and leisure-time exercise over the first two trimesters. Accordingly, variables were constructed representing the average level of these activities for the two trimesters combined. On the other hand, occupational activity, sleeping, stair climbing, and smoking did change for many women over the first two trimesters. We constructed variables that related to second trimester exposure because it is more plausible that second trimester exposures rather than first trimester exposures would affect preterm birth; our preliminary analyses supported this decision.
The variables that we included to estimate second trimester physical activity during employment were whether the woman was employed, whether she engaged in shift work, whether she lifted heavy objects as part of her job, and the number of hours spent per day in the standing position or moving around. Respondents were asked to select one of seven categories that best estimated the number of hours per week that they spent standing or moving around on the job in each trimester; these categories were collapsed and represented by dummy variables. The questions used to obtain these variables were adapted in part from the National Longitudinal Survey of Youth and in part from the work of Mamelle et al. (1) and Berkowitz et al. (7) .
The physical activity variables related to the woman's activities of daily life were stair climbing, walking for a purpose (e.g., to reach the workplace), and sleep. Respondents were asked to select one of five categories that best estimated the number of times per day they climbed stairs in the second trimester. In the final model, we defined stair climbing as a dichotomous variable (£10 times per day vs. >10 times per day). The average number of days per week in the first and second trimesters combined that a woman spent walking for a purpose was used in the analysis. We did not collect data on distance walked. We also examined the lifting of heavy objects in the home in the second trimester (a dichotomous variable defined as ^ 1 times per day). Dummy variables were constructed to represent four categories for the number of hours of sleep per day a woman reported in the second trimester.
The last group of physical activity variables were related to leisure-time activities, both strenuous and sedentary. The structure of questions estimating leisure-time exercise was taken, in part, from the Health Promotion and Disease Prevention Supplement of the 1985 National Health Interview Survey, and in part, from Anderson's instrument (19) . Data were collected on the number of times per week a woman performed any of several exercise activities and the number of minutes at a time the activity was performed. As women often were unable to report to the interviewer the specific number of minutes exercised, a dichotomous variable representing moderate or strenuous exercise for at least 60 total days in the first two trimesters (about 3 times per week) was constructed. Moderate and strenuous activities included jogging/running, aerobics/aerobic dancing, calisthenics, bicycle riding, swimming, basketball, handball, Effects of Physical Activity on Preterm Birth 631 skating, tennis, soccer, cheerleading, weight lifting, horseback riding, bowling, badminton, and fishing.
Sedentary activities were also investigated because we hypothesized that a substantial number of study women would have very low levels of strenuous activity. Only television watching was reported with sufficient frequency to be analyzed. Dummy variables were constructed to represent four categories of number of hours of TV watching per week during the second trimester.
Measurement of covariates
Maternal demographic variables were obtained primarily from the interviews. Four categories of maternal age were defined. Three categories of financial assistance were defined. Race, based on the medical record, was dichotomized (black, white). Maternal and grandmother's education were obtained in the interviews, but were not found to be related to either preterm birth or physical activity in this sample and so are not presented here.
Health behaviors were also obtained from the interviews. For second trimester tobacco use, dummy variables were defined to represent no smoking, < 1 pack per day, and >1 pack per day. Reported illicit drug use was too infrequent to be further categorized and was represented by a dichotomous variable defining ever use in the first two trimesters. A dichotomous variable representing any use of prenatal care was included as well as a continuous variable representing the absolute number of prenatal visits. Data on prenatal visits were obtained from the MPDB.
Obstetric history of the mother was obtained from the MPDB and included the number of prior fetal losses and prior low birth weight infants. Prior low birth weight is strongly correlated with prior preterm deliveries. The data on prior low birth weight deliveries were used because they were more complete and can be more reliably recalled than prior preterm deliveries. A dichotomous variable was constructed for mother's height (<63 inches (<161 cm), >63 inches (>161 cm)). While previous studies suggest that weight gain is important with regard to growth retardation, weight gain has not consistently been found to influence preterm delivery. Prepregnant weight was measured in our study but was not included in the final models because it had no effect on preterm delivery and did not appear to be a confounder. Data were insufficient to examine the rate of net weight gain as a potential confounder.
We also obtained data on selected complications of pregnancy using the MPDB. A dichotomous variable was constructed for acute bleeding during the second or third trimester. Three categories of hypertension were defined: any hypertension in pregnancy (diagnosis noted or diastolic blood pressure ^90 mmHg or systolic blood pressure >140 mmHg); no hypertension in pregnancy; and missing. Although we did not have data on specific maternal infections, information was available on the use of antibiotics at the time of labor and delivery and whether or not the woman was febrile. We constructed dummy variables to represent categories of antibiotic use by febrile status. Although maternal infections are now recognized to be important factors in the etiology of preterm delivery (20) (21) (22) , these infections would not be expected to confound any association between physical activity and preterm delivery. A dichotomous variable was constructed for any antepartum hospital admission (excluding labor and delivery) of at least one day duration.
Statistical methods
Bivariate analyses were performed using logistic regression (23) to compare the odds of preterm birth for women with varying levels of specific physical activities. Multiple logistic regression analyses (23) were then undertaken to adjust for confounding factors. All physical activity variables found to be of even borderline significance (p < 0.10) in the bivariate analysis were first included in a single model. Then, potential confounders were added both singly and in groups. If the coefficient for any of the physical activity variables changed by more than 5 percent, the confounder was included in the final model in order to produce an unconfounded estimate of the risk associated with the physical activity variables. In addition, any covariate that was strongly associated in our sample with either preterm birth or a physical activity variable was also included in the models.
RESULTS
The distribution of the demographic characteristics and obstetric risk factors are presented in table 1, along with the percent preterm for each variable. There were 198 women (17 percent) in the sample who had a preterm birth. The distribution of the physical activity variables, the percent preterm for each variable, and unadjusted odds ratio estimates are presented in table 2. There were no statistically significant associations {p < 0.05) with preterm birth for most of the occupational variables. Most activities of daily living, however, were significantly associated with the odds of preterm birth. A U-shaped relation was seen between television watching and preterm birth. Leisure-time exercise was associated with a reduced odds of preterm birth. We then constructed a multiple logistic regression model to adjust for potential confounders of these relations. Table 3 shows the results of this model only for the physical activity variables. The model adjusted for maternal race, height, age, smoking, financial assistance (Medicaid, AFDC), lack of prenatal care, number of prenatal visits, hard drug use, prior reproductive outcomes (low birth weight births, fetal losses), and maternal complications (bleeding, hypertension, antibiotics, febrile status, and antepartum hospitalization). (Data not presented for these variables but are available on request from the authors.) We excluded from the final model heavy lifting on the job, standing/moving around on the job, and the sleep variables because they were not significantly associated with preterm delivery, either before or after adjustment for covariates.
After adjustment for confounding variables (table  3) , no association was seen between the odds of preterm birth and any of the activity variables related to occupation. We retained employment and shift work in the final model because they appeared to have some effect on the other associations.
Activities of daily life continued to show strong associations after adjusting for confounders (table 3) . The odds of preterm birth were increased for women who climbed stairs >10 times per day or who spent 2:4 days per week in purposive walking during the second trimester. Women who lifted heavy objects in the home in the second trimester also had an increased odds of preterm birth.
Leisure-time activity continued to be associated with preterm birth (table 3) . Women who exercised in a moderate to strenuous fashion 2:60 days throughout the first two trimesters had a significantly reduced odds of preterm birth. Relative to women who watched a moderate amount of television, both the women who watched TV less and the women who watched TV more had substantially increased odds of preterm birth.
We hypothesized that some activities may have been hazardous only for vulnerable subgroups, such as women with complications. When we repeated our analysis for women who had no known antepartum complications (bleeding, hypertension, antepartum hospitalizations, or afebrile antibiotic administration), the increased odds of preterm delivery persisted for stair climbing and walking, but did not persist for lifting heavy objects in the home (table 4).
DISCUSSION
We found neither an adverse nor a protective effect of occupational physical activity on the risk of preterm birth. However, because less than 5 percent of the study women reported heavy lifting on the job, power to detect an effect would be limited. Combining standing and moving around may have resulted in another null finding. As we believed that it would be difficult for women to recall time spent specifically in each of the two activities, we asked women for a combined report of standing and moving around. However, recent reports suggest that moving around on the job (being active) may have no effect or be protective, while standing may increase risk (4) .
Our analyses of activities that occurred solely at home (heavy lifting at home, television viewing) and across domains (stair climbing, walking for a purpose) revealed a number of strong associations between activity and the risk of preterm birth that have not been previously reported in the literature. The odds of preterm delivery was significantly increased for women who climbed stairs >10 times per day in the second trimester. Walking for a purpose ^4 days per week in the second trimester was even more strongly associated with the risk of preterm delivery.
Stair climbing and walking for a purpose are strenuous activities which could potentially trigger contractions and, in turn, preterm labor. On the other hand, stair climbing and walking may be related to unmeasured factors which are correlated with poverty and lack of resources. Women may walk more if they cannot afford a car or because they live in poor neighborhoods in which public transportation is limited. Women who climb more stairs per day may live in housing projects where the effect is related, in part, to the stressors of living there. Shiono et al. (24) found a strong adverse effect of living in a housing project on pregnancy outcomes among low-income women in New York City and Chicago, Illinois. The adverse effect of walking has not been previously reported in the literature. The association between walking and preterm delivery should be investigated more thoroughly in future studies.
Women whose exercise routine frequency averaged or was greater than the amount recommended for cardiovascular fitness (3 times per week) had a 50 percent lower risk of preterm delivery compared with less active women. Our findings are consistent with an earlier study by Berkowitz et al. (7) , who studied a more socioeconomically diverse population. Apart from a possible protective effect, our findings also provide support for the notion that leisure-time exercise does not increase the risk of preterm delivery. In a recent meta-analysis, Lokey et al. (25) concluded that gestational age was neither increased nor decreased with maternal exercise during pregnancy.
Three potentially strenuous and/or fatigue-causing activities, stair climbing, walking for a purpose, and leisure-time exercise, were associated with preterm delivery. However, the effect of leisure-time activity was protective, while stair climbing and walking were both associated with increased risks of preterm delivery. One reason for this disparity is that leisure-time activity may be less strenuous than stair climbing and walking for a purpose. Alternatively, it may be that leisure-time exercise is undertaken by choice and not when a woman is not fatigued, whereas she may have little choice whether to undertake stair climbing or purposive walking. Women who engage in leisuretime physical activity may represent a select group who are less stressed.
* Adjusted for race, maternal age, use of illicit drugs, prenatal care, mother's height, smoking, insurance/AFDC$, prior fetal losses, and prior low birth weight delivery.
t Bleeding, hypertension, antepartum hospitalizations, or afebrile antibiotics.
t Cl, confidence interval; AFDC, Aid to Families with Dependent Children.
Our results indicate that sedentary activities also affect preterm birth. The finding that long hours of watching television is related to poorer pregnancy outcomes suggests that low income women who live very sedentary life-styles, for whatever reason, are at greater risk of poor outcomes. The increase in risk for women who watch >29 hours per week is unlikely to be due to a greater likelihood of complications of pregnancy for these women, because we adjusted for known complications as well as antepartum hospitalizations. However, this association between long hours of TV viewing and preterm delivery might be explained by an association between bed rest for preterm contractions and TV viewing. However, because contractions, even in a preterm delivery, do not usually commence until near the end of second trimester, average TV viewing for the first and second trimesters combined would not be expected to be affected.
Other unmeasured confounders may explain the association of preterm birth with long hours of TV viewing. Even among this group of low income women, some women may have even more limited
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resources and consequently are unable to pursue activities other than watching television. It may be this deprivation in resources which determines risk of preterm birth. Additionally, women who watch more television may be more depressed; Sidney et al. (26) found that TV viewing was positively associated with depression in young black and white women. The finding that women had poorer outcomes if they watched few hours of TV per week may be related to stress. These women may have to fulfill multiple roles, with little time for rest and relaxation.
In conclusion, we found that the risk of preterm delivery is influenced significantly by three particular types of physical activity in pregnancy: stair climbing, walking for a purpose, and leisure-time activity. We also found that sedentary activities, specifically television viewing, are correlated with the risk of preterm birth. Overall, our results suggest that future studies of preterm delivery in low income populations include measurement of activities of daily life, such as stair climbing and walking, rather than rely on occupational and leisure-time activity scales alone. Past studies, conducted in more heterogeneous or middle class populations, have generally focused on activities related to paid work and leisure time, rather than activities of daily living.
